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The matrix protein (M1) of influenza virus plays a central role in viral replication. In relation to viral growth and morphology,
we studied the RNP-binding activity of M1s from high-growth strain A/Puerto Rico/8/34 (A/PR8/34) and the relatively
low-growth wild-type strain A/Nanchang/933/95. The RNP-binding strength of M1 was studied by disruption of M1 from
M1/RNP complexes with salt and acidic condition. Our results indicated that binding of M1 of high-growth A/PR8/34 was
more difficult to break than the binding of M1 of low-growth A/Nanchang/933/95. Consistent with the presence of M1 in
A/PR8/34, binding of M1 of Resvir-9, a reassortant containing P, M, and NS genes from A/PR8/34 and the rest of genes from
A/Nanchang/933/95 and retaining relative high-growth characteristic, was relatively difficult to break than the binding of M1
of A/Nanchang/933/95. Physical properties of morphological features of these viruses were studied by velocity sucrose
gradient centrifugation and transmission electron microscopy of purified viral particles, and by immunofluorescence staining
of hemagglutinin expressed on the surface of infected cells. The results demonstrated that high-growth strains, A/PR8/34,
and a relative high-growth reassortant, Resvir-9, had characteristics associated predominantly with spherical particles, whileristics
ral groINTRODUCTION
The genome of influenza A virus consists of eight
distinct segments of negative-sense RNA coding for at
least 10 viral proteins of which three are known to func-
tion as polymerases. The viral RNA, nucleoprotein (NP),
and polymerases are in close association in the ribonu-
cleoprotein (RNP) (Heggeness et al., 1982; Lamb and
Choppin, 1983; Murti et al., 1988). Matrix protein (M1) is
located between the RNP and the inner surface of the
lipid envelope in the intact virion (Allen et al., 1980;
Bucher et al., 1980; Schulze, 1972). Two major external
glycoproteins, hemagglutinin (HA) and neuraminidase
(NA), and a small protein M2, serving as a transmem-
brane channel, are anchored in the viral envelope (Lamb
et al., 1985; Sugrue and Hay, 1991).
M1, as a multifunctional protein, is not only the major
structural component of the virion, but also plays an
important role in many steps in the replication of the
influenza virus. During early viral replication, dissociation
of M1 from RNP is required for the entry of viral RNP into
the cytoplasm of the host cell (Bui et al., 1996; Helenius,
1992; Martin and Helenius, 1991). Dissociation is trig-
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by M2 (Sugrue and Hay, 1991; Helenius, 1992; Lamb et
al., 1994). Later in the replication cycle, newly synthe-
sized M1 migrates to the nucleus of the influenza virus-
infected cell where it again comes into close proximity
with newly synthesized RNP (Bui et al., 1996; Patterson et
al., 1988). The binding of M1 with RNP leads to the
transport of M1/RNP complexes from the nucleus to the
cytoplasm (Martin and Helenius, 1991; Huang et al.,
2001), and to prevent RNP from reentering the nucleus
(Martin and Helenius, 1991). The interaction of M1 with
HA, NA, M2, and lipid membranes also indicates a role
for M1 in the budding of virions from the cell surface
(Bucher et al., 1980; Gregoriades, 1980; Robertson et al.,
1982; Ye et al., 1987; Enami and Enami, 1996; Lamb et al.,
1985; Lamb and Choppin, 1983). In the maturation of viral
particles, the M1:NP ratio of viral particles influences
morphological features and infectivity of the released
viruses (Roberts et al., 1998).
The interactions of M1 with RNP have been studied
extensively (Baudin et al., 2001; Compans and Klenk,
1979; Rees and Dimmock, 1982; Ruigrok and Baudin,
1995; Schulze, 1972; Ye et al., 1999). The amino acid
sequences of M1 needed for binding to RNP have been
studied using RNP isolated from virions and M1 synthe-
sized in vitro (Ye et al., 1987, 1999). The binding domainsthe low-growth strain, A/Nanchang/933/95, had characte
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lated from cDNAs coding for either the wild-type
A/WSN/33 M1 or the substitution and deletion mutants of
WSN M1. The effects of reconstituting these wild-type
and mutant M1s with RNP under conditions of altered
pH, ionic strength, and added detergent are used to
further define the interacting domains of M1. With RNP
isolated from virions and M1 synthesized in vitro, M1
binds to RNP not only by specific binding sites for viral
RNA (vRNA) but also by what appears to be direct inter-
action of M1 with NP (Ye et al., 1999).
The biological significance of M1 protein binding to
RNP has not been studied extensively. It has been re-
ported that at acidic conditions in which M1 protein
dissociated from RNP resulted in reduction of transpor-
tation of RNP from nucleus to cytosol (Bui et al., 1996).
Our recent studies demonstrate that vRNA and M1 must
both be present in order for NP to assemble into the
quaternary helical structure of viral RNP (Huang et al.,
2001). In this article, we compared the RNP-binding ac-
tivity of the M1 proteins from A/PR8/34 virus (high-
growth), A/Nanchang/933/95 (relatively low-growth), and
a reassortant between A/PR8/34 and A/Nanchang/
933/95 and studied the relationship of M1-RNP binding
to replication and morphogenesis of influenza viruses,
suggesting that association of influenza virus matrix pro-
tein with RNP controls viral growth and morphology.
RESULTS
Generation and characterization of high-growth
reassortant from high-growth A/PR8/34 and
low-growth A/Nanchang/933/95
Although the critical role of interaction between M1
and RNP in functional and morphological features of
influenza viral replication is apparent, the mechanism of
the interaction of M1 and RNP remains unclear. To study
the role by which M1 protein contributes to high-growth
properties, we began by comparing viral growth proper-
ties of A/PR8/34 (laboratory-adapted high-growth strain),
A/Nanchang/933/95 (a recent wild-type virus at low egg
passage), and Resvir-9 (a reassortant between A/PR8/34
and A/Nanchang/933/95). Table 1 shows the compara-
tive studies of viral infectivity titers in MDCK cell by
measurement of plaque-forming units (PFU). As summa-
rized in Table 1, A/PR8/34 had approximately 50-fold
greater plaque yield (9.8  107 PFU/ml) than A/Nan-
chang/933/95 (2  106 PFU/ml). The reassortant, Res-
vir-9, had an intermediate yield (1.2 107 PFU/ml), which
yielded viral infectivity titer sixfold greater than that of
low-growth A/Nanchang/933/95. Table 1 also shows the
titer of HA from virus after 48 h replication in eggs.
A/PR8/34 had the highest HA titer (2048 HAU), while
A/Nanchang/933/95 had the lowest HA titer (256 HAU).
Resvir-9 had an intermediate HA titer (512 HAU). The
genotype of the reassortant was determined by polymer-
ase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) (Offringa et al., 2000). As shown in
Table 2, Resvir-9 received its NA, HA, and NP genes from
A/Nanchang/933/95 but the rest of the internal genes
including M was from A/PR8/34. The fact that Resvir-9
did not replicate as efficiently as A/PR8/34 suggests that
NA, HA, and NP genes from A/PR8/34 also contribute to
high-growth characteristics.
A/PR8/34, A/Nanchang/933/95, and Resvir-9 viruses
differ in morphology
It has been reported that filamentous viruses may
replicate to lower titer and that conversion to spherical
morphology may confer higher growth properties (Burnet
and Lind, 1957; Kilbourne and Murphy, 1960). The long
TABLE 2
Genotyping of A/PR8/34 (PR8), A/Nanchang/933/95 (Nan),
and Resvir-9 Viruses
Gene segment PR8 Resvir-9 Nanchang
1 PB1 PR8 PR8 Nan
2 PB2 PR8 PR8 Nan
3 PA PR8 PR8 Nan
4 HA PR8 Nan Nan
5 NP PR8 Nan Nan
6 NA PR8 Nan Nan
7 M PR8 PR8 Nan
8 NS PR8 PR8 Nan
Note. The genotype of the reassortant was determined by reverse
transcription-polymerase chain reaction (RT-PCR) and restriction frag-
ment-length polymorphism (RFLP) (Offringa et al., 2000). Briefly, cDNAs
of the viruses were synthesized by reverse transcription using the
universal primer complementary to the conserved 3 end of the
genomic RNA. Subsequent amplification of the resulting cDNAs (ex-
cept for the larger gene segments, PB1, PB2, and PA) was accom-
plished by PCR using the same primer for RT and the universal primer
complementary to the conserved 5 end of genomic RNA. Partial
dsDNA of PB1, PB2, or PA was amplified by using the same 3 end
primer for RT and the 5 end primer corresponding to position 1238–
1259 of PB1, 2243–2267 of PB2, or 2104–2122 of PA. The genotypes of
Resvir-9, A/PR8/34, and A/Nanchang/933/95 viruses were identified by
analyzing the electrophoresis patterns of eight DNA fragments after
digestion with unique restriction enzymes to each PCR product.
TABLE 1
Growth Characteristics of A/PR8/34, A/Nanchang/933/95,
and Resvir-9 Viruses
Virus PFU/mla HAU/ml PFU/HAU
A/PR/8/34 9.8 107 2048 4.8 104
Resvir-9 1.3 107 512 2.3 104
A/Nanchang/933/95 2.0 106 256 4.0 103
a The plaque-forming units were determined by plaque assay in
MDCK cells in the presence of trypsin (2 g/ml). The data were means
of three independent experiments, and the standard deviation of each
experimental point was below 10%.
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filamentous influenza virus particles at the infected cell
surface can be visualized by using immunofluorescence
microscopy (Roberts and Compans, 1998; Roberts et al.,
1998). To study the morphology of A/PR8/34, A/Nan-
chang/933/5, and Resvir-9 viruses, the assembly of fila-
mentous or spherical particles at the surface of MDCK
cells infected by A/PR8/34, A/Nanchang/933/5, and
Resvir-9 were characterized by surface immunofluores-
cence using antibodies to hemagglutinin. Cells infected
with either A/PR8/34 virus (Fig. 1A) or with Resvir-9 virus
(Fig. 1B) showed the presence of viral antigens distributed
over the cell surface with intense fluorescence consis-
tent with a spherical morphological phenotype. In con-
trast, long filamentous particles were seen by immuno-
fluorescence of cells infected with A/Nanchang/933/95
virus (Fig. 1C). The morphology of A/PR8/34, A/Nan-
chang/933/5, and Resvir-9 viruses was also confirmed by
electron microscopy and shown in Fig. 2, indicating that
A/PR8/34 and Resvir-9 had predominantly spherical mor-
phological phenotype (Figs. 2A and 2B) and that A/Nan-
chang/933/95 virus had a filamentous phenotype (Fig.
2C). These results suggest that HA, NA, and NP genes
from filamentous-parent A/Nanchan/933/95 are not a de-
terminant of filamentous morphology characteristics,
since they were present in spherical Resviru-9 virus.
A/PR8/34, A/Nanchang/933/95, and Resvir-9 viruses
differ in migration in sucrose gradient
Filamentous particles are faster migrating species
than the spherical particles by velocity centrifugation in a
continuous 20–60% sucrose gradient (Roberts et al.,
1998). To confirm that the structures seen by light mi-
croscopy corresponded to filamentous or spherical par-
ticles, A/PR8/34, A/Nanchan/933/95, and Resvir-9 virus
particles propagated in eggs were purified and analyzed
by the velocity sucrose gradient centrifugation. After frac-
tionation of the sucrose gradients, the proteins of the
viruses in the fractions were analyzed by SDS–PAGE. As
shown in Fig. 3, the viral proteins from A/PR8/34 (Fig. 3A)
were located mainly in fractions 3 to 5, with the peak in
fraction number 4, indicating a slower migrating species
compared to A/Nanchang/933/95 (Fig. 3C). In contrast,
viral proteins from A/Nanchan/933/95 were confined to
fractions 5 and 6, indicating that they were faster migrat-
ing. The distribution of viral proteins from Resvir-9 re-
sembled that of the particles of A/PR8/34 virus. These
results are consistent with the immunofluorescence
data, which indicate that Resvir-9 obtained spherical
phenotype by inheriting PB2, PB1, PA, M, and NS genes
from A/PR8/34.
A/PR8/34, A/Nanchang/933/95, and Resvir-9 viruses
differ in RNP-binding activity of M1
To relate growth properties of the viruses to the RNP-
binding activity of the M1 proteins, we isolated M1/RNP
complexes from viral particles and performed a dissoci-
ation assay by treating M1/RNP complexes with varying
salt concentration or with varying pH to release M1
protein from the complexes. Complexes containing RNP
with un-disrupted M1 protein were separated from dis-
rupted M1 by centrifugation through 20% glycerol. The
protein complexes were analyzed by SDS–PAGE and
shown in Fig. 4. Figure 4 shows a typical SDS–PAGE
pattern of salt-disrupted M1/RNP complexes with NP
migrating at approximately 56 kDa and M1 migrating at
approximate 27 kDa. With increasing salt concentration
(0.15 to 0.6 M), the amount of M1 retained in the M1/RNP
complexes decreased. Table 3 summarized the ratio and
percentage of M1 to NP from calculating the density of
M1 and NP bands in Fig. 4. At 0.6 M salt concentration,
FIG. 1. Visualization of filamentous particle formation in MDCK cells infected with A/PR8/34, A/Nanchang/933/95, and Resvir-9 viruses. MDCK cells
were infected with A/PR8/34, A/Nanchang/933/95, and Resvir-9 viruses at an m.o.i. of 3 plaque-forming units per cell. Immunofluorescence staining
was performed at 4°C using anti-HA antibodies to A/PR8/34 and to A/Nanchang/933/95 and the cells were fixed in 3% paraformaldehyde. Viral
filaments are visualized in (C), the cells infected with A/Nanchang/933/95, but are absent in cells infected with A/PR8/34 (A) or with Resvir-9 (B).
Magnification, 472.
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36% of M1 from A/PR8/34 remained associated with RNP
(M1:NP ratio  0.40), compared with 3% of M1 from
A/Nanchang/933/95 (M1:NP ratio 0.05), and 19% of M1
from Resvir-9 (M1:NP ratio  0.22). RNP-binding activity
of M1 from high-growth and low-growth viruses was also
compared under reduced pH conditions. Figure 5 shows
a typical gel pattern of low-pH-disrupted M1/RNP com-
plexes. With acidification (changing pH from 7 to 5), the
amount of M1 proteins in M1/RNP complexes de-
creased. Table 3 summarizes the results of the ratio and
percentage of M1 to NP from Fig. 5. At pH 5, 17% M1 from
A/PR8/34 remained associated with RNP, and 18% M1
from Resvir-9 remained association with RNP, whereas
only 1% M1 from A/Nanchang/933/95 remained associ-
ated with RNP. The ratio of M/NP was also altered by low
pH treatment. At pH 5, the ratio of M/NP from A/PR8/34
M1/RNP complexes was 0.20, and the ratio of M/NP from
Resvir-9 was 0.21. However, the M/NP ratio of A/Nan-
chang/933/95 M1/RNP complexes was 0.01. These re-
sults indicate that the M1 of high-growth A/PR8/34 has
higher binding activity for RNP than the M1 of low-growth
A/Nanchang/933/95. These results suggest that M1 is
the control element in the M1/RNP complexes, because
the reassortant, with M1 from A/PR8/34 and NP from
A/Nanchang/933/95, exhibited dissociation properties
similar to A/PR8/34.
DISCUSSION
It has been reported that M1 and M2 proteins are
involved not only in viral replication but also in viral
morphogenesis and it has been suggested that the mor-
phology of viral particle, such as filamentous vs spheri-
cal, may be related to the ratio of M1 and NP proteins
(Roberts et al., 1998). To explore the role of M1 protein in
FIG. 3. Sedimentation profiles of A/PR8/34, Resvir-9, and A/Nan-
chang/933/95 viruses. A/PR8/34 (A), Resvir-9 (B), and A/Nanchang/
933/95 (C) viruses were analyzed by velocity gradient centrifugation in
20–60% sucrose gradients. Gradients were fractioned and the proteins
of the viruses were analyzed by 12% SDS–PAGE and stained by 0.1%
Coomassie brilliant blue.
FIG. 2. Electron micrographs of negatively stained viral particles
purified by sucrose gradient centrifugation. (A) A/PR8/34 virus; (B)
Resvir-9 virus; (C) A/Nanchang/933/95. Samples were adsorbed onto
Formvar-coated copper grids, negatively stained with 2% methylamine
tungstate (Bio-Rad Microscience Division, Cambridge, MA), and exam-
ined in a LEO EM912 Omega transmission electron microscope. The
bar represents 0.5 m.
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the relationship between replication efficiency and mor-
phology, we have analyzed M1–RNP-binding activities of
viruses with a range of replication efficiency, including a
reassortant originated between a high-growth and a low-
growth viruses. Our results suggest that the RNP-binding
activity of the M1 protein affects the replication efficiency
of the viruses, and that the M1 that binds more strongly
to RNP is found in viruses that replicate more efficiently.
Resvir-9, which inherited P, M, and NS genes from
A/PR8/34, but the rest of the genes from A/Nanchang/
933/95, shows intermediate growth and M1–RNP-bind-
ing properties. Previous studies suggest that association
of M1 with RNP is through two separate mechanisms:
M1–RNA interaction and M1–NP interaction (Wakefield
and Brownlee, 1989; Ye et al., 1999). Therefore, increased
RNP binding of Resvir-9 may be due to the higher affinity
of inherited A/PR8/34-M1 to RNA and/or to NP of RNP
complexes. Although RNP complex of Resvir-9 contains
P proteins from A/PR8/34 and NP protein from A/Nan-
chang/933/95, the RNP complex composes only one
copy of each of these A/PR8/34-P proteins but multi-
copies of Nanchang-NP proteins, the effect of the P
proteins from A/PR8/34 on association of M1 to RNP may
be minimum. Because the RNP-binding activities of M1
proteins of M1/RNP complexes are in the order A/PR8/
34  Resvir-9  A/Nanchang/933/95, and the growth
potential of these three viruses are also A/PR8/34 
Resvir-9  A/Nanchang/933/95, we postulate that the
RNP-binding activity of the M1 protein may be related to
the growth properties of the viruses.
Although, in these studies, we do not have direct
evidence to show that high-growth characteristics of
Resvir-9, a reassortant of A/PR8/34 and A/Nanchang/
933/95 is due to the five “internal” genes (PB2, PB1, PA,
M, and NS) of A/PR8/34, M gene has been believed to
have a major effect on the morphology of the viral parti-
cles (Smirnov et al., 1991; Roberts et al., 1998). A reas-
sortant between A/duck/Hoshimin/014/78, which is com-
posed of filamentous particles, and A/WSN/33, which is
composed of spherical particles, lost its filamentous par-
ticle characteristics by inheriting only M gene from
A/WSN/33 (Smirnov et al., 1991). The higher growth char-
acteristics of Resvir-9 may result from the combination of
all five internal A/PR8/34 genes. The different growth
characteristics between A/PR8/34 and Resvir-9 may be
due to HA, NA, and NP gene from A/Nanchang/933/95
strain. The interaction between HA and M1 has been
suggested by studying the coexpressed HA and M1
proteins in cells (Enami and Enami, 1996). Recent studies
of reassortment between avian influenza viruses and
FIG. 4. Effect of salt on M1/RNP association. Dissociation of M1 form RNP was carried out by exposing to NaCl at 0.15 M (0.15), 0.3 M (0.3), or 0.6
M (0.6). The protein components of RNPs (RNP) and virions (V) were analyzed on 12.5% SDS–PAGE and stained by 0.1% Coomassie brilliant blue.
TABLE 3
Effect of Salt and Low pH on Dissociation of M1 from RNP
PR8 Resriv-9 Nanchang
NaCl (M) V 0.15 0.3 0.6 V 0.15 0.3 0.6 V 0.15 0.3 0.6
M1/NP 1.10 0.90 0.86 0.40 1.18 0.92 0.76 0.22 1.90 1.10 0.42 0.05
(% of M1) 100 82 78 36 100 78 64 19 100 58 22 3
pH V 7 6 5 V 7 6 5 V 7 6 5
M1/NP 1.15 0.90 0.42 0.20 1.20 0.92 0.50 0.21 2.10 1.00 0.24 0.01
(% of M1) 100 78 37 17 100 77 42 18 100 48 11 1
Note. Effect of salt and low pH on dissociation of M1 from RNP. The RNP-associated M1 and the ratio of M1 to NP were quantified by densitometry.
The percentage of the binding activity of M1s to RNP was calculated by comparison of M1 protein to NP in virions and M1/RNP. The data were means
of at least three independent experiments, and the standard deviation of each experimental point was below 10%. V, Virion.
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human influenza viruses suggest different capabilities
between the HA of avian viruses and the M gene prod-
ucts of human influenza A viruses (Scholtissek et al.,
2002). Therefore, the different growth potentials between
A/PR8/34 and Resvir-9 might be resulted from different
capabilities between HA and M1. Taken together, al-
though M gene alone has a major impact on viral mor-
phology, growth characteristics may be resulted from the
combination of other genes.
Previous observation (Robert et al., 1998) indicates
that the percentage of NP is reduced in filamentous
particles. Our comparative studies of the ratios of M1
and NP proteins in M1/RNP of A/PR8/34, Resvir-9, and
A/Nanchang/933/95 viruses (Fig. 3 and Table 3) also
showed that A/PR8/34 and Resvir-9 had an approxi-
mately one-to-one ratio of M1 to NP, but A/Nanchang/
933/95 had almost a two-to-one ratio of M1 in the M1/
RNP complex. Thus the ratio of M1/NP is relatively
higher in filamentous particles than that in spherical
particles. Since the incorporation of RNP complexes is
not reduced in filamentous formation (Robert et al., 1998;
Smirnov et al., 1991), “extra” M1 proteins might be incor-
porated into filamentous particles to compensate the low
RNP-binding activity of M1. It has been also observed
that the RNP complex structure of filamentous particle is
less dense than that of spherical particle (Ruigrok et al.,
1985). Therefore, although there are more M1 proteins in
the filamentous particle relative to RNP, M1 may be either
loosely associated with RNP or loosely binds to M1 itself.
M1 protein plays an important role in particle assem-
bly and viral replication. Both the dissociation of M1 from
RNP in the early phase of the infection and the associ-
ation of M1 and RNP in the late phase of the infection are
required for sufficient viral replication. Our recent studies
demonstrate that vRNA and M1 together promote the
self-assembly of influenza virus NP into the quaternary
helical structure of typical viral RNP. It is believed that the
association of M1with RNP leads to translocation of RNP
from nucleus to cytoplasm. The contribution of higher
RNP binding of M1 to higher growth characteristics of
A/PR8/34 and Resvir-9 may be partially due to a strong
association of M1 with RNP, resulting in efficient trans-




Influenza viruses A/PR8/34, A/Nanchang/933/95, and
Resvir-9 were propagated in the allantoic cavities of
9-day-old embryonated eggs at 34°C for 2 days. Madin–
Darby canine kidney cells (MDCK) were grown and main-
tained in MEM supplemented with 5% fetal bovine se-
rum. Infectivity titers of the viruses were determined by
plaque assay in MDCK cells using an agar overlay sys-
tem containing 2 g/ml trypsin.
Generation of reassortant influenza viruses
Resvir-9, reassortant between A/PR8/34 and A/Nan-
chang/933/95, was prepared as described previously
(Offringa et al., 2000). Briefly, 9-day-old embryonated
eggs were coinfected with A/PR8/34 and A/Nanchang/
933/95 at a 103 dilution. Allantoic fluids were collected,
mixed with ferret anti-A/PR8/34 antiserum, and subse-
quently passed in eggs. Resvir-9 was isolated by end-
point dilution in eggs. The genotype of Resvir-9 was
determined by reverse transcription-polymerase chain
reaction (RT-PCR) and restriction fragment length poly-
morphism (RFLP) (Offringa et al., 2000).
Immunofluorescence staining
Cultures of MDCK cells grown on glass coverslips
were infected with influenza virus at an m.o.i. of 3 PFU
per cell and subsequently incubated in MEM containing
2% fetal bovine serum (FBS) at 33°C for 9 h. Infected
MDCK cells were fixed with freshly prepared 4% formal-
dehyde in phosphate-buffered saline (PBS) for 20 min at
room temperature. Background staining was blocked
with 3% powdered skim milk in PBS for 1 h. The cells
were then incubated at room temperature for 40 min
either with sheep anti-A/PR8/34 HA or with sheep anti-
FIG. 5. Effect of low pH on M1/RNP association. Dissociation of M1 from RNP was carried out in buffer containing 0.05 M NaCl at pH 7.0, 6.0, and
5.0. The protein components of RNPs (RNP) and virions (V) were analyzed on 12.5% SDS–PAGE and stained by 0.1% Coomassie brilliant blue.
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A/Nanchang/933/95 HA. The cells were incubated with
donkey anti-sheep IgG conjugated with fluorescence
and incubated for 40 min at room temperature. Washed
coverslips were mounted in 90% glycerol and 10% PBS in
3,4,5-trihydroxybenzoic acid N-propylester to prevent
photobleaching. Cellular distribution of immunofluores-
cence was visualized by epifluorescent UV microscope.
Dissociation of M1 protein from M1/RNP complexes
Purified M1/RNP complexes of influenza A virus were
obtained by disrupting influenza A viruses (0.5 mg/ml) in
disruption buffer containing 10 mM Tris–HCl (pH 7.0), 1%
Nonidet P-40, 0.05 M NaCl, and 1.25 mM dithiothreitol.
After incubation in disruption buffer for 40 min at room
temperature, M1/RNP complexes released from virions
in the reaction mixture were pelleted by centrifugation
through 25% glycerol with a cushion of 50% glycerol in an
SW 55Ti rotor at 120,000 g for 60 min. The supernatant
fluid containing lipids and membrane proteins was dis-
carded and the pellet containing the M1/RNP complexes
was resuspended in 10 mM Tris–HCl (pH 7.4). The anal-
ysis of dissociation of M1 from RNP was examined as
follows: the suspension of M1/RNP complexes was in-
cubated in buffer containing 0.05 M NaCl and 0.05 M
Na2HPO4 adjusted to specific pH by addition of 0.1 M
citric acid. To study the effect of ionic strength on M1/
RNP complex association, the salt concentration was
varied by adding NaCl to the reaction buffer. A 20-l
aliquot of the RNP-M1-detergent suspension was centri-
fuged through a 150-l cushion of 20% sucrose at 10,000
rpm for 15 min in a 0.5-ml Eppendorf tube, and the
resulting pellet was collected. The protein composition
of the RNPs was analyzed by electrophoresis in 12.5%
polyacrylamide–SDS gels at non-reducing condition and
stained with Coomassie blue. The amount of M1 and NP
proteins was determined by densitometry of proteins.
Sucrose gradient analysis of virus particles
Sucrose gradient analysis of viral particles was
adapted from Roberts et al. (1998), with minor modifica-
tion. Briefly, influenza viruses, A/PR8/34, A/Nanchan/933/
95, and Resvir-9, were propagated in embryonated eggs,
concentrated, and purified by banding in 15 to 60% su-
crose gradients at 100,000 g for 90 min at 4°C. The viral
bands were collected and pelleted through 25% sucrose
cushions at 100,000 g for 90 min at 4°C. The pelleted
viruses were resuspended slowly overnight at 4°C in the
buffer containing 20 mM Tris–HCl, pH 8.0, 150 mM NaCl,
and 1 mM EDTA. Viruses were then fractionated by
velocity centrifugation in a continuous 20–60% sucrose
gradient at 100,000 g for 2 h at 4°C. Virus fractions
collected from the top to the bottom were used to analyze
viral proteins in12% SDS–PAGE.
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